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Abstract 

Alternative formulations for stability analysis of switched systems under minimum dwell-time are 
proposed. As opposed to the hybrid conditions derived in (fl), the obtained ones are affine in the system 
matrices and may be extended to uncertain switched systems with time-varying uncertainties. Addi- 
tionally, the low number of decision variables allows us to losslessly derive convex robust stabilization 
conditions using a specific class of state-feedback control law. Several examples illustrate the approach. 
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I. Introduction 

Switched systems JTJ-[|9| are very flexible modeling tools appearing in several fields such as 
switching control laws [jTOj, networked control systems [TTJ, electrical devices/circuits flT2| , 



p3| , congestion modeling and control in networks p4|-p7|, etc. When switching between 
a family of asymptotically stable subsystems holds in a way that is independent of the state 
of system, stability under minimum and average dwell-times have been shown to be relevant 
concepts of stability j2), [18| for which certain criteria have been proposed. Hybrid conditions, 



consisting of joint continuous-time and discrete-time conditions, for characterizing minimum 
dwell-time have been recently proposed in JTJ where it is shown that the use of quadratic 
Lyapunov functions may lead to better results than previous ones. Even more importantly, 
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homogeneous Lyapunov functions have been proved to be able to formulate nonconservative 



conditions for minimum dwell-time analysis [19|, [20 1. However, extending these important 
results to uncertain systems, time-varying systems and control design is quite difficult due to the 
presence of exponential terms that are not applicable to time-varying systems and would create 
strongly nonconvex terms in the design conditions. 



Looped-functionals [21 1-[23| have been shown to provide an alternative framework for dwell- 
time analysis of switched systems which remains compatible with uncertain switched systems, 
time-varying subsystems and, potentially, nonlinear switched systems. They also allow for the 
derivation of tractable conditions for robust stability analysis under mode-dependent dwell-time, 
a stability concept which permits instability of subsystems |23j. However, the structure of the 
conditions and the large number of decision variables makes the derivation of computationally 
attractive synthesis conditions an hardly possible task. The approach proposed in this paper aims 
at overcoming the computational drawbacks of looped-functionals related to control design and 
numerical complexity. 

The contribution of the paper is manifold. First, alternative minimum dwell-time stability 
conditions, shown to be equivalent to those obtained in |TJ, are provided. The advantage of the 
proposed conditions lies in their affine dependence in the system matrices, permitting then their 
extension to uncertain systems with time-varying subsystems, as opposed to the conditions of 
JTJ that are only applicable to time-invariant subsystems. The approach is then pushed further 
by providing, in a lossless way, convex stabilization conditions using a specific time-varying 
state-feedback control law. This provides a solution to the open problem of stabilizing a linear 
switched system with guaranteed minimum dwell-timeQ The price to pay for these interesting 
possibilities lies in the characterization of minimum dwell-time stability in terms of infinite- 
dimensional convex semidefinite programs, which may be hard to solve when the considered 
system is of large dimension. Sum of squares programming (24j, p5| is employed to solve the 
resulting feasibility problems for some moderate size problems. 

Outline: The structure of the paper is as follows: in Section |TT] preliminary definitions and 



results are given. Section III is devoted to minimum dwell-time stability analysis while Section 



IV addresses minimum dwell-time stabilization. Examples are considered in the related sections. 



'See |lj, page 1916, penultimate paragraph. 
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Notations: The sets of symmetric and positive definite matrices of dimension n are denoted by 
S n and S™ respectively. Given two symmetric real matrices A and B, the inequalities A y Qz)B 
mean that A — B is positive (semi)definite. For a square real matrix A, the operator Sym(A) 
stands for the sum A + A J . 

II. Preliminaries 

A. System definition 

From now on, the following class of linear switched system 

x(t) = A a{t) x{t) 
x(t ) = x 

are considered where x,x 6 M n are the state of the system and the initial condition, re- 
spectively. The switching signal a is defined as a left-continuous piecewise constant function 
a : [0, oo) — > {1, . . . , N}. At some point, the matrices Ai of the subsystems will be uncertain 
and/or time-varying, this will be explicitly stated when this is the case. To avoid any Zeno 
behavior, we also assume that the sequence of switching instants t 2 , . . .} is strictly increasing 
and does not admit any accumulation point. 

B. Stability with periodic switching times 

Let us start with a period switching stability result which allows us to state the main ideas in 
a simple context. By periodic switching, it is meant here that switching times are periodic, i.e. 
tk+i = t k + T, for some T > 0, but the sequence of subsystems may be not. Therefore, periodic 
systems theory does apply here. The following result will be shown to be directly involved in 
the derivation of the results on minimum dwell-time stability in the next section. 

Theorem 1 (Stability with periodic switching times): The following statements are equivalent: 
a) The quadratic form V(x(t),a(t)) = x(t) J P a ( t )x(t), Pi e §™ , i = 1, . . . , N, is a discrete- 
time Lyapunov function for the switched system ([T]) with T-periodic switching times in 
the sense that the inequality 

V(x(t k+1 ),a(t k+1 )) - V(x(t k ),a(t k )) < -fi\\x(t k )\\l (2) 

holds for some \l > 0, all x(t k ) e R n and all fceN. 
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b) There exist matrices Pj G S" , i = 1, . . . , N such that the LMIs 



£ AJT p Ai T _ p , q 



(3) 



hold for all i, j — 1, . . . , N, % ^ j. 
c) There exist differentiable indefinite matrix functions Ri : [0, T] h-> IR n , Pj(0) G S" , 
i = 1, . . . ,N, and a scalar £ > such that the LMIs 



and 



Aj J R i (r) + J R i (r)A i -i? i (r) ^0 



Ri{T) - Rj{0) + £ I r< 



(4) 



(5) 



hold for all r G [0, T] and all i, j = 1, . . . , N, i + j. 
d) There exist differentiable indefinite matrix functions S { : [0,T] i-)> § n , Si(T) G §™ , 
z = 1, . . . , N, and a scalar e > such that the LMIs 



AlSiW + SiWAi + SitflO 



and 



(6) 



(7) 



Si(0) -Sj(T) +el^ 
hold for all r G [0, f ] and all i, j = 1, . . . , N, i ^ j. 

Proof: Proof of a) b): Assume cr(tfc) = j and a(t k + r) = i, r G (0, T]. Then, we have 



V(z(tfc +1 ),er(£ fc+ i)) - V(x(t k ),cr(t k )) = x(t k y 



e Ajf p A.T _ p 



x(t h 



(8) 



and there exists /x > such that (|2]) holds if and only if Q holds. The proof is complete. 
Proof of c) =>- b): Assume c) holds. Solving Q for i2»(r) yields 

Ri(r) h e A ^R t (0)e A ' T 



(9) 



and thus 



e A > T Ri{0)e AT - RiiT) < 0. (10) 
From (|5]), we have that RiiT) -< Rj(0) —el and therefore, combining this with ( fTO] ), we obtain 

e^P^e^-P^ + el^O (11) 
which implies in turn that (|3]) holds with P = P;(0). 
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Proof of d) =>- b): The proof follows the same lines as the one above and is omitted. Note 
that, in this case, ^ holds with P; = Si(T). 

Proof of b) =>- c): The proof is structured as follows: first, we prove that admits solutions 
regardless of the stability of the system, showing that this condition can be assumed to be satisfied 
without loss of generality. The second part of the proof consists of combining statement b) with 
the solution set of (|4]) to prove that (|5]) holds. 

Assume ([3]) holds with P { = -Rj(O) and some y as 

e^Ri^e^ - Rj{0) = -Yv, i,j = l,...,N, i^j. (12) 

The set of all solutions Ri(r) to (|4]) can be defined as the set of solutions to the matrix equality 

AjR^r) + Ri(r)Ai - R^r) = -Z^r), Z^r) h (13) 

where Zi is arbitrary. All the solutions are therefore parametrized as 

R i (T)=e^ T R i {Q)e AiT + f e A ^ T ~ s) Z^e^^ ds (14) 

Jo 



where Ri(0) y verifies ( fT2] ). Therefore, we have proved that ( [T3] ) can be considered as fulfilled, 
independently of the stability of the system, which concludes the first part of the proof. 



The second part of the proof simply consists of setting r = T in ( |T4| ) to obtain 

e A ' T Ri(0)e A ' T - Ri(T) = -Z^f) (15) 

where Z { {T) = J Q T e A ^ {T - s) Z,(s)e Al{T - s) ds h 0. Then subtracting from we get 

- ^(0) + Ri(T) = -Yn + Zi(T). (16) 

Since, the Zj(s)'s, and therefore the Zj(T)'s, can be chosen as small as desired and the positive 
definite Yy's are arbitrary, this then implies that ([5]) holds. The proof is complete. 

Proof of c) <^ d): Assume d) holds for some Si(r), it is immediate to see that i?j(r) := Si(T — r) 
solves and (|5]). Reverting the argument proves the equivalence. ■ 

The advantages of the conditions of statements c) and d) over conditions of statement b) 
are several. First of all, the conditions are convex in the system matrices Ai, allowing then for 
an immediate extension to the uncertain case. Secondly, the low number of decision matrices 
tends to suggest the possibility of deriving tractable synthesis conditions. Finally, conditions of 
statements c) and d) are more appealing from a computational perspective than the conditions 
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obtained from looped-functionals p3| since the number of decision variables and constraints is 
smaller. 

A peculiarity of the approach is that, by virtue of ([9]), one has to only impose Ri(Q) to be 
positive definite to obtain a positive definite R(r) for r G [0, T\. The same remark holds for 
Si(r) and Si(T). This reduces the number of constraints that have to be considered. 

The compensation for these interesting properties is the consideration of infinite-dimensional 



feasibility problems which are hard to solve. Polynomial programming techniques [26| developed 
recently, such as sum of squares programming p4| , however provide an adapted framework for 
solving such problems by restricting the matrix functions R(r) and S(t) to polynomial matrix 



functions. The package SOSTOOLS |25| together with the semidefinite programming solver 



SeDuMi p7| supply the necessary material for solving such problems. 

III. Stability of switched systems under minimum dwell-time 

In this section, a minimum dwell-time stability result is recalled first. Then, new formulations 
for stability under minimum dwell-time are provided and extended to the uncertain case. In what 
follows, we shall consider the family of sequence of switching times 

\ := {fa, t 2 , . . .} : T k := t k+l - t k G [r], +oo), k G N} , rj > (17) 

which contains sequences satisfying the minimum dwell-time rj. 

A. A preliminary result 

The following result consist of a reformulation of the minimum dwell-time stability result of 
Q, but reproved according to some ideas taken from [21|-[23|. 



Lemma 2 (Minimum dwell-time): The following statements are equivalent: 
a) The quadratic form V(x(t), a(t)) = x(t) J P a ( t )x(t), Pi G §" , % = 1, . . . , N, is a Lyapunov 
function for the system ([[]) in the sense that 

V(x(t),i) < -ti\\x(t)\\l, t G (t k ,t k+1 ) (18) 

and 

V{x{t k+1 ),a{t k+1 )) -Vjixitk)^^)) < -C||x(t fc )lll d9) 
hold for some fi, ( > 0, all x(t),x(t k ) G W 1 and any sequence {tfc}fc 6 N G If. 
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b) There exist P e S" , % = 1, . 



. , JV, such that the LMIs 



4 T p + -< o 



and 



(20) 



(21) 



hold for all z, j = 1, . . . , JV, i ^ j and all 9 >T. 
c) There exist P G §™ , i = 1, . . . , JV, such that the LMIs 

A] Pi + PA, -< 



and 



e^ f P/' f - P ^ 



(22) 



(23) 



hold for all i, j — 1, . . . , JV, i ^ j. 
Moreover, when one of the above statements holds, the switched system ([TJ is asymptotically 
stable for any sequence of switching instants in If. A 



Proof: Proof of a) <^ b): Assume first that (18) holds. This then implies that 



xitYiAiPi + PiAijxit) < -n\\x(t)\\t 



for all x(t) G W 1 , t tk, fee N, which is equivalent to stating that pO] ) holds. The proof that 
( fT9) ) implies pi) follows the same lines. Reverting the arguments proves that b) =>- a). 
Proof of b) =>- c): Immediate. 



e^Pe^ 



Proof of c) =>- b): Let us consider that p2| ) and p3| ) hold. A Taylor expansion of 

around 9 = 9 > T yields 

/v(# + §) : = e A ^°Pe^ e ° + 5e A * e ° Sym^p]^ 
where o(-) is the Landau small-o notation. Hence, we have 

£i(9 + 5)- Ci(9 ) = 5e A > 9 ° Sym[4 T P]e^° + o{6). 



o(5) 



(24) 



(25) 



Since ( [22] ) holds, the right-hand side is negative definite for all #0 > T, therefore we have 

e Aj(f + s) Pie Mf+s) ^ e^Tp^f (26) 
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for all 5 > and thus 

e A[e p Ai e_ p e A]f p A i f_ p 

j - j (27) 

-< 

holds for all 9 > T. The proof is complete. ■ 

B. Nominal stability under minimum dwell-time 

The theorem below addresses the case of minimum dwell-time stability for systems without 
uncertainties: 

Theorem 3 (Minimum Dwell-Time): The following statements are equivalent: 

a) There exist matrices Pi G §£ , % — 1, . . . , N, such that the LMIs 

A] Pi + P t A t -< (28) 

and 

e A ^ T Pie Mf -Pj ^ (29) 

hold for alH, j — 1, . . . , TV, % ^ j. 

b) There exist matrix functions Ri : [0, T] h-> § n , % = 1, . . . , N, Ri(0) G S" , and a scalar 
e > such that the LMIs 

AjRiiO) + R i (0)A i ^0 (30) 
A}Ri(T) + Ri(r)Ai - Ri(T) ^ (31) 

and 

- J R j (0) + J R i (f)+£/dO (32) 

hold for all r G [0, f ] and alH, j = 1, . . . , N, % ^ j. 

c) There exist matrix functions Si : [0, T] >->■ S n , i = l,...,iV, S'j(T') G S" , and a scalar 
£ > such that the LMIs 

A]Si(f) + Si(f)Ai -< (33) 
A T ^(r)+^(r)A + 4(r) d0 (34) 

and 

5 i (0)-^(T)+£/d0 (35) 
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hold for all r G [0, T] and alH, j = 1, . . . , N, % ^ j. 

Moreover, when one of the above statements holds, the switched system ([[]) is asymptotically 

stable for any sequence of switching instants in If. A 

Proof: The proof follows from Theorem [T] and Lemma |2j ■ 

C. Robust stability under minimum dwell-time 

Let us assume now that the system is uncertain and the (possibly time-varying) matrices 
belong to the following polytopes 

Ae A:=co{aS 1] ,...,a1 M] } (36) 

for some M > and all i — 1, . . . , N. Before stating the main results, it is important to define 
the set ^ as 

:= : $,( s ) solves ([38]), A(s) G Ajv, sG [0,0]} (37) 



where A M is the M-unit simplex and 



, T I M 

d^As 



ds 



J2 X A s ) A i ) Ms), ^(0) = I, A(a) G Am, s > 0. (38) 

i=i 



The complexity of the set <£• emphasizes the difficulty of characterizing uncertain sets in 
the discrete-time framework. The proposed framework, however, allows us to circumvent this 
problem and yields the following theorem: 

Theorem 4 (Robust Minimum Dwell-Time): The following statements are equivalent: 

a) There exist matrices P{ G §™ , i = 1, . . . , N, such that the LMIs 

A] Pi + PiAi -< (39) 

and 

^(TyP&^-P^O (40) 

hold for all $, ; (T) G $f and alii, j = 1, . . . , N, i ^ j. 

b) There exist matrix functions Ri : [0, T] i-> S n , Ri(0) G §™ , i = 1,...,N, and a scalar 
e > such that the LMIs 

(A^yRiW+RiWA® ^0 (41) 
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T Ikir) + Ri(r)Af ] - R^r) * (42) 

and 

-Rj(0) + Ri(f) +el r< (43) 

hold for all r G [0, f], all i, j = 1, . . . , N, i ^ j and all k = 1, . . . , M. 
c) There exist matrix functions Si : [0, T) i-)- §> n , Si(T) G §™ , i = 1,...,N, and a scalar 
£ > such that the LMIs 

(4 fcl ) T ^(T)+^(f)Af ] ^0 (44) 
(Af ] ) T S(r) + ^(r)Af ] + 5,(r) ^ (45) 

and 

Si(0) - Sj(f) +el r< (46) 

hold for all r G [0, T], all i,j = l,...,N,i^ j and all jfe = 1, . . . , M. 
Moreover, when one of the above statements holds, the uncertain switched system (p~|)-<[36|) is 
asymptotically stable for any sequence of switching instants in If. A 
Proof: The proof follows the same lines as the one of Theorem [3] and exploit very standard 
arguments on the convexity of the stability conditions and the convexity of the poly topes A4. It 
is thus omitted. ■ 



D. Examples 

Illustrative examples are given here. The conditions of Theorem [3] are enforced using sum-of- 



squares programming p4| , [28 1 and the semidefinite programming solver SeDuMi p7| . Thus, 
in the examples below, the matrix functions R^s or S^s will be considered as polynomials of 
chosen degree to be determined. 

Example 5: Let us consider the system ^ with matrices |TJ 



A 1 





-10 



A 7 





-0.1 



1 

-0.5 



(47) 



Using the initial result on minimum-dwell-time of [18], the upper-bound 6.66 on the minimum 
dwell-time is found. For comparison, the average dwell-time condition of [|2) yields the conser- 
vative value 16.5554. Using the minimum dwell-time result of (TJ, i.e. statement b) of Theorem 
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order of Ri 


System 1 471 


System (48k 


System 1 49 1 


Theorem j^J c) 


2 
4 
6 


3.6769 
2.9281 
2.9048 


0.6796 
0.6226 
0.6222 


2.0302 
1.9193 
1.9167 


Theorem j^J b) 




2.7508 


0.6222 


1.9134 



TABLE I 

Upper bounds on the minimal dwell-time of Systems i |47| i, ( |48| and i |49| i determined using Theorem[3]for 

different degrees for the polynomial functions ri. 



[3} the upper bound 2.7508 is obtained. This justifies the use of the result of |TJ for dwell-time 
analysis of linear switched systems. Statement c) or d) of Theorem [3] yields the minimum dwell- 
time estimates summarized in Table |I} We can see that the proposed method allows to approach 
the upper-bound on the minimum dwell-time as the degree of the i?/s increases. 
Example 6: Let us consider the system ([T]) with matrices [29| 

(48) 

Using Theorem |3} b), the upper bound value 0.6222 on the minimal dwell-time is found. 
Using then Theorem [3j c), we obtain the upper bounds of Table [IJ We can see that the upper- 
bound determined using Theorem [3j b) can be actually retrieved with Theorem |3j c) when the 
polynomials Ri are of degree 6. 

Example 7: Let us consider the system ([T]) with matrices [29| 





1 




1 


A l = 




, A 2 = 






-2 -1 




-9 -1 



A, 



-1 -1 


1 




-10 6 


-1 -1 





, A 2 = 


-2 -1 -5 


-2 1 


-1 




3-1 



(49) 



Using Theorem [3} b), the minimal dwell-time upper bound value 1.9134 is found. Using then 
Theorem |3j c), we obtain the upper bounds of Table |I} We can see that by choosing polynomials 
.Rj's of order 6, the result of Theorem |3j b) is almost retrieved. 



Example 8: Let us consider the system (48), but assume now that the matrices A x and A 2 
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order of Ri 


K = 0.1 


K = 0.3 


K = 0.5 


k = 0.7 


K = 0.9 


K = 1.1 


K = 1.3 




2 


0.6833 


0.8035 


0.9697 


1.1888 


1.4929 


1.9698 


2.8789 


Theorem j^J c) 


4 


0.6792 


0.7485 


0.8115 


0.9122 


1.1277 


1.5062 


2.4590 




6 


0.6784 


0.7411 


0.7972 


0.8769 


1.0037 


1.1977 


1.9374 


Theorem I4J b) 




0.6759 


0.7298 


0.7689 


0.8128 


0.8673 


0.9512 


1.1475 



TABLE II 

Upper bounds on the minimal dwell-time of system ||48|)-([50t determined using statement b) of Theorem|4] 

(CONSTANT UNCERTAINTIES) AND C) OF THEOREM[4](TIME-VARYING UNCERTAINTIES) FOR DIFFERENT ORDERS FOR Ri 



are now time- varying and belong to the following polytopes: 



A 1 



A, 



co 



CO 



(50) 



1 1 

-2-k -1 ' -2 + k -1 
1 1 

-9-k -1 ' -9 + k -1 
for some k > representing the amplitude of the perturbation. We then obtain the results of 
Table |TTJ. Note, however, that while the results obtained with statement b) of Theorem [4] are only 
valid for time-invariant subsystems, those obtained with statement c) also apply to systems with 
time- varying uncertainties. Comparing the results directly should be therefore done with care. 

IV. Stabilization of switched systems with guaranteed minimum dwell-time 

Stabilization using state-feedback is considered in this section. Robust stabilization is omitted 
since it straightforwardly follows from nominal stabilization and robust stability analysis. To 
derive our nominal stabilization result, let us redefine system ([T]) as 

X(t) = A a {t)X{t) + B a{ t)Ua{t){t) (51) 

iV are the control inputs. We further assume that the control law 



where Ui G 
is given by 

where 



U a ( t )(t) = K a m(t)x(t) 



K a{tk+r) (t k + t) 



K a{tk) {r) if re [0,f) 
K a(tk) {T) if re [f,T k ) 



(52) 



(53) 
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where the functions K { : [0, T] — > K m * xn 5 % = 1, ... ,7V have to be determined such that the 



closed-loop system (|5T|)-([52])-([53|) is asymptotically stable with prescribed minimum dwell-time 
f. 

Theorem 9 (Stabilization with minimum Dwell-Time): The following statements are equiva- 
lent: 

a) There exist matrices Pi E S>™ , i = 1, . . . , N such that the LMIs 



and 



(A t + BiKi{T))Pi + PiiA + BiKi(f)y -< 



V t (T)P t V t (Ty -Pj^O 



hold for all i, j = 1, . . . , N, i ^ j where 



ds 



{Ai + BiKi(8))%{8), *i(0)=/, s>0. 



(54) 



(55) 



(56) 



b) There exist matrix functions S t : [0,T] i-> S n , ^(T) G S%, : [0,T] ^ 
1, . . . , N and a scalar e > such that the LMIs 

SywiAiSffl + BiUiiT)] ^0 

Sym[A^(r) + B^r)] + ^(r) H 

and 

Si(0) -3j(f) +el^ 
hold for all r e [0, f ] and all i, j = 1, . . . , N, i ^ j. 



(57) 
(58) 

(59) 



Moreover, when one of the above statements holds, the closed-loop system (|5T[)-(|52|)-([53|) is 
asymptotically stable with minimum dwell-time T and suitable matrix functions K { are given 
by 

Ki[r) = Ui(T)Si(T)-\ (60) 
Proof: The goal is then to show that statement a) is a necessary and sufficient condition 



for the existence a stabilizing state-feedback of the form (p2[)-(]53|) for system ( pT| ), in the sense 
of Theorem [3} The closed-loop system is given by 



x{t) = (A, + BiKi{t - t k ))x(t), t E [t k , t k+1 ). 



(61) 
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The key idea is to use Lemma [2] and Theorem [3] to prove stability of the closed-loop system. 
To simplify the derivation of convex synthesis conditions, the adjoint system with reverse-time 
of ((6TJ) given by 

y(t) = (Ai + BiK.it - t k )y y (t), t G (t k , t k+1 ] (62) 



is considered. The crucial point here is that proving stability of ( |62| ) is equivalent to proving 
stability of ( |6T| ). Noting first that for all 9 > T, Ki(6) = Ki(T) and following the same arguments 
as in the proof of Lemma [2} we find that condition ( |2~2~1 ) exactly becomes condition ( f54| ). In 



the same way, condition ( [23] ) equivalently becomes condition ( |55| ), which proves exactness of 
statement a). 

Equivalence with statement b) follows from Theorem [3] and from the change of variables 
Ui(r) = Ki{r)Pi{r), The proof is complete. ■ 



Example 10: Let us consider the system ( |5Tj ) with matrices 



1 




1 









, A 2 = 




, Bi = B 2 = 




-5 1 




-1 5 




1 



(63) 



Setting T = 0.1 and choosing the polynomials S and Y as first-order polynomials, we obtain 
the control gains 

1 



K x {r) 



di(r) 
dJr) 



0.9251 + 15.4274r + 1.5713r 2 -3.7623 + 7.1348r + 1.2093r 2 
-2.8369 + 1.6128r + 0.4961r 2 -15.4803 - 21.3893r - 4.2782r 2 



(64) 

where d x (r) = 0.6915 + 4.2476r + 1.9162r 2 and d 2 (r) = 2.1420 + 3.7553r + 0.9021r 2 . The state 
and control-gain trajectories are depicted in Fig. [T] and [2] where we can see that the obtained 
controller stabilizes the switched system correctly. Note that it is also possible to identify phases 
where the controller maintains its value to Ki(T). 



V. Conclusion 

New conditions for characterizing minimum dwell-times for uncertain linear switched systems 
with time-varying uncertainties have been provided. Thanks to the structural properties of the 
stability criterion, convex state-feedback design conditions have been derived, providing then 
a solution to the open-problem of the stabilization of linear switched systems with guaranteed 
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dwell-time. The flexibility of the framework makes it easily adaptable to other types of dwell- 



times results such as stability under mode-dependent dwell-time, as proposed in [23|. Possible 



extensions include the use of homogeneous Lyapunov functions as in [20| and the consideration 
of nonlinear switched systems with polynomial vector field. 
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